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    Hypergraph

Elixir library for working with hypergraphs.
A hypergraph is a generalization of a regular graph where edges can connect more than two vertices at once.
In a regular graph, each edge connects exactly two vertices. But in a hypergraph, an edge (called a "hyperedge") can connect any number of vertices - it could connect 3, 4, 5, or even all vertices in the hypergraph simultaneously.
Mathematically, a hypergraph H is defined as an ordered pair (V, E) where V is a set of vertices and E is a set of hyperedges, with each hyperedge being a non-empty subset of V.
Hypergraphs are particularly useful for modeling complex relationships that involve multiple entities at once — such as social groups, chemical reactions, collaborative networks, and more.
Installation
Add hypergraph to your list of dependencies in mix.exs:
def deps do
  [
    {:hypergraph, "~> 1.0.0"}
  ]
end
Modules
	Hypergraph — Create, update, and query hypergraphs
	Hypergraph.CorrelationLength — Measure how far structural information propagates using Mutual Information decay
	Hypergraph.NetworkGraph — Render a hypergraph as a VegaLite network graph

Usage
Building a hypergraph
hg =
  Hypergraph.new()
  |> Hypergraph.add_hyperedge([:alice, :bob, :charlie])  # 3-way connection
  |> Hypergraph.add_hyperedge([:bob, :diana])            # 2-way connection
  |> Hypergraph.add_hyperedge([:diana, :eve, :frank])    # another group
Querying
Hypergraph.vertices(hg)                        #=> MapSet of all vertices
Hypergraph.hyperedges(hg)                      #=> list of all hyperedges
Hypergraph.degree(hg, :bob)                    #=> number of hyperedges containing :bob
Hypergraph.neighbors(hg, :alice)               #=> vertices sharing a hyperedge with :alice
Hypergraph.incident_hyperedges(hg, :bob)       #=> hyperedges that contain :bob
Hypergraph.connected?(hg, :alice, :charlie)    #=> true if they share a hyperedge
Hypergraph.vertex_count(hg)                    #=> total number of vertices
Hypergraph.hyperedge_count(hg)                 #=> total number of hyperedges
Statistics
Hypergraph.stats(hg)
# %{
#   vertex_count: 5,
#   hyperedge_count: 3,
#   max_hyperedge_size: 3,
#   min_hyperedge_size: 2,
#   avg_hyperedge_size: 2.67,
#   max_degree: 2,
#   min_degree: 1,
#   avg_degree: 1.4
# }
Modifying a hypergraph
hg = Hypergraph.remove_vertex(hg, :eve)           # remove vertex and its hyperedges
hg = Hypergraph.remove_hyperedge(hg, [:bob, :diana])
Converting to a regular graph
# Returns pairwise edges for every pair of vertices sharing a hyperedge
Hypergraph.to_graph(hg)
#=> [{:alice, :bob}, {:alice, :charlie}, {:bob, :charlie}, ...]
Correlation Length
Measures how far structural information propagates through the hypergraph by fitting an exponential decay curve to Mutual Information values between distant regions.
{:ok, length} = Hypergraph.CorrelationLength.compute(hg)
# length is a float representing the characteristic decay distance

# With custom parameters:
{:ok, length} = Hypergraph.CorrelationLength.compute(hg,
  _max_distance = 15,
  _region_size = 3,
  _samples = 200
)
Possible error returns: :insufficient_data, :insufficient_points, :insufficient_positive_data, :no_decay, :singular_matrix.
Visualization
Renders the hypergraph as an interactive VegaLite network graph. Vertices are arranged in a circular layout; node size and color reflect vertex degree.
# In a Livebook or any environment with kino_vega_lite:
Hypergraph.NetworkGraph.visualize(hg)
See examples.livemd for runnable Livebook examples including social network and chemical reaction hypergraphs.
License
Apache 2.0 — see LICENSE.


  

    LICENSE


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright [yyyy] [name of copyright owner]

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.



  

    Hypergraph Visualization

Mix.install([
  {:kino, "~> 0.12"},
  {:kino_vega_lite, "~> 0.1"},
  {:vega_lite, "~> 0.1"},
  {:hypergraph, path: __DIR__}
])
Introduction
This Livebook demonstrates the Hypergraph module with interactive visualizations. A hypergraph is a generalization of a regular graph where edges (hyperedges) can connect more than two vertices at once.
Creating Sample Hypergraphs
Example 1: Social network hypergraph
social_hg = 
  Hypergraph.new()
  |> Hypergraph.add_hyperedge(["Alice", "Bob", "Charlie"])  # Study group
  |> Hypergraph.add_hyperedge(["Bob", "Diana", "Eve"])      # Project team
  |> Hypergraph.add_hyperedge(["Alice", "Eve"])             # Coffee buddies
  |> Hypergraph.add_hyperedge(["Charlie", "Frank"])         # Gym partners
  |> Hypergraph.add_hyperedge(["Diana", "Frank", "Grace"])  # Book club
Example 2: Chemical reaction hypergraph
chemical_hg = 
  Hypergraph.new()
  |> Hypergraph.add_hyperedge(["H2", "O2", "H2O"])         # Water formation
  |> Hypergraph.add_hyperedge(["CH4", "O2", "CO2", "H2O"]) # Combustion
  |> Hypergraph.add_hyperedge(["CO2", "H2O", "H2CO3"])     # Carbonic acid
  |> Hypergraph.add_hyperedge(["H2O", "H+", "OH-"])        # Water ionization
Visualization Helper Functions
defmodule HypergraphViz do
  @doc """
  Converts a hypergraph to data suitable for VegaLite network visualization.
  Creates a bipartite representation where vertices and hyperedges are shown
  as different node types.
  """
  def to_bipartite_data(hypergraph) do
    vertices = Hypergraph.vertices(hypergraph)
    hyperedges = Hypergraph.hyperedges(hypergraph)
    
    # Create vertex nodes
    vertex_nodes = 
      vertices
      |> Enum.with_index()
      |> Enum.map(fn {vertex, idx} ->
        %{
          id: "v_#{vertex}",
          label: to_string(vertex),
          type: "vertex",
          x: 100 + rem(idx, 6) * 120,
          y: 100 + div(idx, 6) * 100,
          degree: Hypergraph.degree(hypergraph, vertex)
        }
      end)
    
    # Create hyperedge nodes  
    hyperedge_nodes =
      hyperedges
      |> Enum.with_index()
      |> Enum.map(fn {hyperedge, idx} ->
        hyperedge_list = MapSet.to_list(hyperedge)
        %{
          id: "he_#{idx}",
          label: "E#{idx}",
          type: "hyperedge",
          x: 200 + rem(idx, 5) * 150,
          y: 250 + div(idx, 5) * 120,
          degree: MapSet.size(hyperedge),  # Use size as degree for hyperedges
          size: MapSet.size(hyperedge),
          members: Enum.join(hyperedge_list, ", ")
        }
      end)
    
    # Create links between vertices and hyperedges
    links =
      hyperedges
      |> Enum.with_index()
      |> Enum.flat_map(fn {hyperedge, he_idx} ->
        hyperedge
        |> MapSet.to_list()
        |> Enum.map(fn vertex ->
          %{
            source: "v_#{vertex}",
            target: "he_#{he_idx}"
          }
        end)
      end)
    
    nodes = vertex_nodes ++ hyperedge_nodes
    
    %{nodes: nodes, links: links}
  end
  
  @doc """
  Creates a regular graph representation for comparison.
  """
  def to_graph_data(hypergraph) do
    vertices = Hypergraph.vertices(hypergraph)
    edges = Hypergraph.to_graph(hypergraph)
    
    # Position vertices in a circle
    vertex_count = MapSet.size(vertices)
    angle_step = 2 * :math.pi() / max(vertex_count, 1)
    
    vertex_nodes = 
      vertices
      |> Enum.with_index()
      |> Enum.map(fn {vertex, idx} ->
        angle = idx * angle_step
        %{
          id: to_string(vertex),
          label: to_string(vertex),
          x: 300 + 200 * :math.cos(angle),
          y: 300 + 200 * :math.sin(angle),
          degree: Hypergraph.degree(hypergraph, vertex)
        }
      end)
    
    edge_links = 
      edges
      |> Enum.map(fn {v1, v2} ->
        %{
          source: to_string(v1),
          target: to_string(v2)
        }
      end)
    
    %{nodes: vertex_nodes, links: edge_links}
  end
end
Interactive Hypergraph Visualization
This visualization shows the bipartite representation where circles represent vertices and squares represent hyperedges.
Visualize the social network hypergraph:
social_data = HypergraphViz.to_bipartite_data(social_hg)
Shows vertices (circles) and hyperedges (squares) as separate node types (bipartite view):
VegaLite.new(width: 650, height: 450,
  title: "Social Network Hypergraph (Bipartite View)")
|> VegaLite.data_from_values(social_data.nodes)
|> VegaLite.mark(:circle, size: 200, stroke: "black", strokeWidth: 2)
|> VegaLite.encode_field(:x, "x", type: :quantitative, scale: [domain: [0, 800]])
|> VegaLite.encode_field(:y, "y", type: :quantitative, scale: [domain: [0, 600]])
|> VegaLite.encode_field(:color, "type", type: :nominal, 
    scale: [range: ["lightblue", "lightcoral"]])
|> VegaLite.encode_field(:shape, "type", type: :nominal,
    scale: [range: ["circle", "square"]])
|> VegaLite.encode_field(:size, "degree", type: :quantitative, 
    scale: [range: [100, 400]])
|> VegaLite.encode_field(:tooltip, "label", type: :nominal)
Hypergraph Statistics Visualization
Create a comparison of different hypergraphs:
hypergraphs = [
  {"Social Network", social_hg},
  {"Chemical Reactions", chemical_hg}
]

stats_data = 
  hypergraphs
  |> Enum.map(fn {name, hg} ->
    stats = Hypergraph.stats(hg)
    %{
      name: name,
      vertices: stats.vertex_count,
      hyperedges: stats.hyperedge_count,
      avg_degree: Float.round(stats.avg_degree, 2),
      max_hyperedge_size: stats.max_hyperedge_size,
      avg_hyperedge_size: Float.round(stats.avg_hyperedge_size, 2)
    }
  end)
Visualize vertex degrees for social network:
social_vertices = Hypergraph.vertices(social_hg)
degree_data = 
  social_vertices
  |> Enum.map(fn vertex ->
    %{
      vertex: vertex,
      degree: Hypergraph.degree(social_hg, vertex),
      neighbors_count: MapSet.size(Hypergraph.neighbors(social_hg, vertex))
    }
  end)

VegaLite.new(width: 650, height: 300, title: "Vertex Degrees in Social Network")
|> VegaLite.data_from_values(degree_data)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "vertex", type: :nominal, axis: [title: "Vertex"])
|> VegaLite.encode_field(:y, "degree", type: :quantitative, axis: [title: "Degree"])
|> VegaLite.encode_field(:color, "degree", type: :quantitative,
  scale: [scheme: "blues"])
|> VegaLite.encode(:tooltip, [
  [field: "vertex", type: :nominal],
  [field: "degree", type: :quantitative],
  [field: "neighbors_count", type: :quantitative]
])
Interactive Hypergraph Builder
Create your own hypergraph by defining vertices and hyperedges:
vertex_input = Kino.Input.text("Vertices (comma-separated)")
hyperedge_input = Kino.Input.textarea("Hyperedges (one per line, vertices separated by commas)")

form = Kino.Control.form([
  vertices: vertex_input,
  hyperedges: hyperedge_input
], submit: "Create Hypergraph")

Kino.render(form)

# Store the current hypergraph for 3D visualization
current_hypergraph = :ets.new(:current_hg, [:set, :public])

custom_result = 
  form
  |> Kino.Control.stream()
  |> Kino.animate(fn %{data: %{vertices: v_str, hyperedges: he_str}} ->
    vertices = 
      v_str
      |> String.split(",")
      |> Enum.map(&String.trim/1)
      |> Enum.reject(&(&1 == ""))
    
    hyperedges = 
      he_str
      |> String.split("\n")
      |> Enum.map(fn line ->
        line
        |> String.split(",")
        |> Enum.map(&String.trim/1)
        |> Enum.reject(&(&1 == ""))
      end)
      |> Enum.reject(&(&1 == []))
      |> Enum.map(&MapSet.new/1)
    
    hg = Hypergraph.new(vertices, hyperedges)
    stats = Hypergraph.stats(hg)
    
    # Store for 3D visualization
    :ets.insert(current_hypergraph, {:hypergraph, hg})
    
    Kino.Markdown.new("""
    **Statistics:**
    - Vertices: #{stats.vertex_count}
    - Hyperedges: #{stats.hyperedge_count}
    - Average Degree: #{Float.round(stats.avg_degree, 2)}
    - Max Hyperedge Size: #{stats.max_hyperedge_size}
    
    **Vertices:** #{Enum.join(Hypergraph.vertices(hg), ", ")}
    
    **Hyperedges:**
    #{hg |> Hypergraph.hyperedges() |> Enum.with_index() |> Enum.map(fn {he, idx} -> 
      "- E#{idx}: {#{Enum.join(MapSet.to_list(he), ", ")}}"
    end) |> Enum.join("\n")}
    """)
  end)

3D Hypergraph Visualization
defmodule Hypergraph3D do
  @doc """
  Converts a hypergraph to 3D visualization data with vertex positions and
  hyperedge connections.
  """
  def to_3d_data(hypergraph) do
    vertices = Hypergraph.vertices(hypergraph)
    hyperedges = Hypergraph.hyperedges(hypergraph)
    
    # Position vertices in 3D space using spherical coordinates
    vertex_count = length(vertices)
    
    vertex_positions = 
      vertices
      |> Enum.with_index()
      |> Enum.map(fn {vertex, idx} ->
        # Distribute vertices roughly evenly in 3D space
        phi = :math.acos(-1 + 2 * idx / max(vertex_count - 1, 1))
        theta = :math.sqrt(vertex_count * :math.pi()) * phi
        radius = 150
        
        x = radius * :math.sin(phi) * :math.cos(theta)
        y = radius * :math.sin(phi) * :math.sin(theta)
        z = radius * :math.cos(phi)
        
        {vertex, {x, y, z}}
      end)
      |> Map.new()
    
    # Create hyperedge data with their vertex positions
    hyperedge_data = 
      hyperedges
      |> Enum.with_index()
      |> Enum.map(fn {hyperedge, idx} ->
        vertex_list = MapSet.to_list(hyperedge)
        positions = Enum.map(vertex_list, &Map.get(vertex_positions, &1))
        
        %{
          id: idx,
          vertices: vertex_list,
          positions: positions,
          size: MapSet.size(hyperedge),
          color: get_hyperedge_color(idx)
        }
      end)
    
    %{
      vertex_positions: vertex_positions,
      hyperedges: hyperedge_data,
      vertex_count: vertex_count,
      hyperedge_count: length(hyperedges)
    }
  end
  
  defp get_hyperedge_color(idx) do
    colors = [
      "0xff6b6b", "0x4ecdc4", "0x45b7d1", "0x96ceb4", 
      "0xffeaa7", "0xdda0dd", "0x98d8c8", "0xf7dc6f"
    ]
    Enum.at(colors, rem(idx, length(colors)))
  end
  
  @doc """
  Generates JavaScript code for 3D visualization using Three.js
  """
  def generate_3d_js(data) do
    vertex_js = 
      data.vertex_positions
      |> Enum.map(fn {vertex, {x, y, z}} ->
        "addVertex('#{vertex}', #{x}, #{y}, #{z})"
      end)
      |> Enum.join(";\n    ")
    
    hyperedge_js = 
      data.hyperedges
      |> Enum.map(fn %{id: id, positions: positions, color: color, vertices: vertices} ->
        positions_str = 
          positions
          |> Enum.map(fn {x, y, z} -> "[#{x}, #{y}, #{z}]" end)
          |> Enum.join(", ")
        
        vertices_str = Enum.join(vertices, ", ")
        "addHyperedge(#{id}, [#{positions_str}], #{color}, '#{vertices_str}')"
      end)
      |> Enum.join(";\n    ")
    
    """
    // Initialize 3D scene
    initScene();
    
    // Add vertices
    #{vertex_js};
    
    // Add hyperedges  
    #{hyperedge_js};
    
    // Start animation
    animate();
    """
  end
end
Generate 3D visualization for the current hypergraph
generate_3d_viz = fn ->
  case :ets.lookup(current_hypergraph, :hypergraph) do
    [{:hypergraph, hg}] ->
      data_3d = Hypergraph3D.to_3d_data(hg)
      js_code = Hypergraph3D.generate_3d_js(data_3d)
      
      Kino.HTML.new("""
      <div id="3d-container" style="width: 800px; height: 600px; border: 2px solid #333; margin: 20px 0;"></div>
      <div style="margin: 10px 0;">
        <strong>Controls:</strong> Mouse to rotate • Scroll to zoom • Click vertex/hyperedge for info
      </div>
      
      <script src="https://cdnjs.cloudflare.com/ajax/libs/three.js/r128/three.min.js"></script>
      <script>
        let scene, camera, renderer, controls;
        let vertices = {};
        let hyperedges = [];
        let selectedObject = null;
        
        function initScene() {
          const container = document.getElementById('3d-container');
          if (!container) return;
          
          // Clear previous content
          container.innerHTML = '';
          
          // Scene setup
          scene = new THREE.Scene();
          scene.background = new THREE.Color(0x1a1a2e);
          
          // Camera
          camera = new THREE.PerspectiveCamera(75, 800/600, 0.1, 2000);
          camera.position.set(300, 300, 300);
          
          // Renderer
          renderer = new THREE.WebGLRenderer({ antialias: true });
          renderer.setSize(800, 600);
          renderer.shadowMap.enabled = true;
          renderer.shadowMap.type = THREE.PCFSoftShadowMap;
          container.appendChild(renderer.domElement);
          
          // Lighting
          const ambientLight = new THREE.AmbientLight(0x404040, 0.6);
          scene.add(ambientLight);
          
          const directionalLight = new THREE.DirectionalLight(0xffffff, 0.8);
          directionalLight.position.set(100, 100, 50);
          directionalLight.castShadow = true;
          scene.add(directionalLight);
          
          // Mouse controls
          setupMouseControls();
        }
        
        function setupMouseControls() {
          let isMouseDown = false;
          let mouseX = 0, mouseY = 0;
          let targetRotationX = 0, targetRotationY = 0;
          let targetZoom = 300;
          
          renderer.domElement.addEventListener('mousedown', (event) => {
            isMouseDown = true;
            mouseX = event.clientX;
            mouseY = event.clientY;
          });
          
          renderer.domElement.addEventListener('mouseup', () => {
            isMouseDown = false;
          });
          
          renderer.domElement.addEventListener('mousemove', (event) => {
            if (!isMouseDown) return;
            
            const deltaX = event.clientX - mouseX;
            const deltaY = event.clientY - mouseY;
            
            targetRotationY += deltaX * 0.01;
            targetRotationX += deltaY * 0.01;
            
            mouseX = event.clientX;
            mouseY = event.clientY;
          });
          
          renderer.domElement.addEventListener('wheel', (event) => {
            targetZoom += event.deltaY * 0.5;
            targetZoom = Math.max(100, Math.min(800, targetZoom));
            event.preventDefault();
          });
          
          // Smooth camera movement
          function updateCamera() {
            const radius = targetZoom;
            camera.position.x = radius * Math.sin(targetRotationY) * Math.cos(targetRotationX);
            camera.position.y = radius * Math.sin(targetRotationX);
            camera.position.z = radius * Math.cos(targetRotationY) * Math.cos(targetRotationX);
            camera.lookAt(0, 0, 0);
          }
          
          setInterval(updateCamera, 16);
        }
        
        function addVertex(name, x, y, z) {
          const geometry = new THREE.SphereGeometry(8, 16, 16);
          const material = new THREE.MeshLambertMaterial({ 
            color: 0x00ff88,
            transparent: true,
            opacity: 0.9
          });
          const sphere = new THREE.Mesh(geometry, material);
          
          sphere.position.set(x, y, z);
          sphere.castShadow = true;
          sphere.userData = { type: 'vertex', name: name };
          
          // Add text label
          const canvas = document.createElement('canvas');
          const context = canvas.getContext('2d');
          canvas.width = 128;
          canvas.height = 32;
          context.fillStyle = 'white';
          context.font = 'Bold 16px Arial';
          context.fillText(name, 4, 20);
          
          const texture = new THREE.CanvasTexture(canvas);
          const spriteMaterial = new THREE.SpriteMaterial({ map: texture });
          const sprite = new THREE.Sprite(spriteMaterial);
          sprite.position.set(x, y + 20, z);
          sprite.scale.set(40, 10, 1);
          
          scene.add(sphere);
          scene.add(sprite);
          vertices[name] = sphere;
        }
        
        function addHyperedge(id, positions, colorHex, vertexNames) {
          if (positions.length < 2) return;
          
          const color = new THREE.Color(parseInt(colorHex));
          
          // Create wireframe connecting all vertices in the hyperedge
          const points = positions.map(pos => new THREE.Vector3(pos[0], pos[1], pos[2]));
          
          // For hyperedges with 3+ vertices, create a convex hull-like visualization
          if (positions.length >= 3) {
            // Create edges between all pairs of vertices
            for (let i = 0; i < points.length; i++) {
              for (let j = i + 1; j < points.length; j++) {
                const geometry = new THREE.BufferGeometry().setFromPoints([points[i], points[j]]);
                const material = new THREE.LineBasicMaterial({ 
                  color: color,
                  transparent: true,
                  opacity: 0.7,
                  linewidth: 3
                });
                const line = new THREE.Line(geometry, material);
                line.userData = { type: 'hyperedge', id: id, vertices: vertexNames };
                scene.add(line);
                hyperedges.push(line);
              }
            }
            
            // Add a semi-transparent face for 3+ vertex hyperedges
            if (positions.length >= 3) {
              const geometry = new THREE.BufferGeometry();
              const vertices = new Float32Array(positions.flat());
              geometry.setAttribute('position', new THREE.BufferAttribute(vertices, 3));
              
              // Create triangular faces
              const indices = [];
              for (let i = 1; i < positions.length - 1; i++) {
                indices.push(0, i, i + 1);
              }
              geometry.setIndex(indices);
              geometry.computeVertexNormals();
              
              const material = new THREE.MeshBasicMaterial({
                color: color,
                transparent: true,
                opacity: 0.2,
                side: THREE.DoubleSide
              });
              
              const mesh = new THREE.Mesh(geometry, material);
              mesh.userData = { type: 'hyperedge', id: id, vertices: vertexNames };
              scene.add(mesh);
              hyperedges.push(mesh);
            }
          } else {
            // For 2-vertex hyperedges, just draw a line
            const geometry = new THREE.BufferGeometry().setFromPoints(points);
            const material = new THREE.LineBasicMaterial({ 
              color: color,
              linewidth: 4
            });
            const line = new THREE.Line(geometry, material);
            line.userData = { type: 'hyperedge', id: id, vertices: vertexNames };
            scene.add(line);
            hyperedges.push(line);
          }
        }
        
        function animate() {
          requestAnimationFrame(animate);
          
          // Gentle rotation animation
          scene.rotation.y += 0.005;
          
          renderer.render(scene, camera);
        }
        
        // Execute the generated code
        #{js_code}
      </script>
      """)
      
    [] ->
      Kino.Markdown.new("""
      ## No Hypergraph Created Yet
      
      Please use the form above to create a hypergraph first, then run this cell to see the 3D visualization.
      
      **Example input:**
      - Vertices: `A, B, C, D, E`
      - Hyperedges: 
        ```
        A, B, C
        B, D, E
        A, E
        ```
      """)
  end
end

generate_3d_viz.()
Comparison: Hypergraph vs Regular Graph
See how the same data looks as a hypergraph vs a regular graph:
# Compare bipartite hypergraph view with regular graph projection
regular_data = HypergraphViz.to_graph_data(social_hg)

VegaLite.new(width: 600, height: 400,
  title: "Social Network as Regular Graph (Projected)")
|> VegaLite.data_from_values(regular_data.nodes)
|> VegaLite.mark(:circle, size: 300, stroke: "black", strokeWidth: 2)
|> VegaLite.encode_field(:x, "x", type: :quantitative, scale: [domain: [0, 600]])
|> VegaLite.encode_field(:y, "y", type: :quantitative, scale: [domain: [0, 600]])
|> VegaLite.encode_field(:color, "degree", type: :quantitative,
  scale: [scheme: "category10"])
|> VegaLite.encode(:tooltip, [
  [field: "label", type: :nominal],
  [field: "degree", type: :quantitative]
])
Hyperedge Size Distribution
Analyze hyperedge sizes across different hypergraphs:
all_hypergraphs = [
  {"Social Network", social_hg},
  {"Chemical Reactions", chemical_hg}
]

size_distribution = 
  all_hypergraphs
  |> Enum.flat_map(fn {name, hg} ->
    hg
    |> Hypergraph.hyperedges()
    |> Enum.map(fn hyperedge ->
      %{
        hypergraph: name,
        size: MapSet.size(hyperedge)
      }
    end)
  end)

VegaLite.new(width: 400, height: 250, title: "Hyperedge Size Distribution")
|> VegaLite.data_from_values(size_distribution)
|> VegaLite.mark(:bar)
|> VegaLite.encode_field(:x, "size", type: :ordinal, axis: [title: "Hyperedge Size"])
|> VegaLite.encode_field(:y, "hypergraph", type: :nominal, aggregate: :count)
|> VegaLite.encode_field(:color, "hypergraph", type: :nominal)
|> VegaLite.encode_field(:tooltip, "hypergraph", type: :nominal)


  

    
Hypergraph 
    



      
A module for creating and manipulating hypergraphs.
A hypergraph is a generalization of a graph where edges (hyperedges)
can connect any number of vertices, not just two.

      


      
        Summary


  
    Types
  


    
      
        hyperedge()

      


    


    
      
        t()

      


    


    
      
        vertex()

      


    





  
    Functions
  


    
      
        add_hyperedge(hypergraph, vertices)

      


        Adds a hyperedge to the hypergraph. The hyperedge connects all vertices in the given list.
Automatically adds any new vertices to the hypergraph.



    


    
      
        connected?(hypergraph, vertex1, vertex2)

      


        Checks if two vertices are connected by at least one hyperedge.



    


    
      
        degree(hypergraph, vertex)

      


        Returns the degree of a vertex (number of hyperedges containing it).



    


    
      
        hyperedge_count(hypergraph)

      


        Returns the number of hyperedges in the hypergraph.



    


    
      
        hyperedge_size(hyperedge)

      


        Returns the size of a hyperedge (number of vertices it contains).



    


    
      
        hyperedges(hypergraph)

      


        Returns all hyperedges in the hypergraph.



    


    
      
        incident_hyperedges(hypergraph, vertex)

      


        Returns hyperedges that contain the given vertex.



    


    
      
        neighbors(hypergraph, vertex)

      


        Returns all vertices that share at least one hyperedge with the given vertex.



    


    
      
        new()

      


        Creates a new empty hypergraph.



    


    
      
        new(vertices, hyperedges)

      


        Creates a new hypergraph with the given vertices and hyperedges.



    


    
      
        remove_hyperedge(hypergraph, vertices)

      


        Removes a hyperedge from the hypergraph.



    


    
      
        remove_vertex(hypergraph, vertex)

      


        Removes a vertex from the hypergraph and all hyperedges containing it.



    


    
      
        stats(hypergraph)

      


        Returns statistics about the hypergraph.



    


    
      
        to_graph(hypergraph)

      


        Converts the hypergraph to a regular graph by creating pairwise edges
for every pair of vertices that share a hyperedge.



    


    
      
        vertex_count(hypergraph)

      


        Returns the number of vertices in the hypergraph.



    


    
      
        vertices(hypergraph)

      


        Returns all vertices in the hypergraph.
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      hyperedge()



        
          
        

    

  


  

      

          @type hyperedge() :: [vertex()]


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hypergraph{hyperedges: [hyperedge()]}
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          @type vertex() :: any()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      add_hyperedge(hypergraph, vertices)



        
          
        

    

  


  

      

          @spec add_hyperedge(t(), hyperedge()) :: t()


      


Adds a hyperedge to the hypergraph. The hyperedge connects all vertices in the given list.
Automatically adds any new vertices to the hypergraph.

  



  
    
      
    
    
      connected?(hypergraph, vertex1, vertex2)



        
          
        

    

  


  

      

          @spec connected?(t(), vertex(), vertex()) :: boolean()


      


Checks if two vertices are connected by at least one hyperedge.

  



  
    
      
    
    
      degree(hypergraph, vertex)



        
          
        

    

  


  

      

          @spec degree(t(), vertex()) :: non_neg_integer()


      


Returns the degree of a vertex (number of hyperedges containing it).

  



  
    
      
    
    
      hyperedge_count(hypergraph)



        
          
        

    

  


  

      

          @spec hyperedge_count(t()) :: non_neg_integer()


      


Returns the number of hyperedges in the hypergraph.

  



  
    
      
    
    
      hyperedge_size(hyperedge)



        
          
        

    

  


  

      

          @spec hyperedge_size(hyperedge()) :: non_neg_integer()


      


Returns the size of a hyperedge (number of vertices it contains).

  



  
    
      
    
    
      hyperedges(hypergraph)



        
          
        

    

  


  

      

          @spec hyperedges(t()) :: [hyperedge()]


      


Returns all hyperedges in the hypergraph.

  



  
    
      
    
    
      incident_hyperedges(hypergraph, vertex)



        
          
        

    

  


  

      

          @spec incident_hyperedges(t(), vertex()) :: [hyperedge()]


      


Returns hyperedges that contain the given vertex.

  



  
    
      
    
    
      neighbors(hypergraph, vertex)



        
          
        

    

  


  

      

          @spec neighbors(t(), vertex()) :: MapSet.t(vertex())


      


Returns all vertices that share at least one hyperedge with the given vertex.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates a new empty hypergraph.

  



  
    
      
    
    
      new(vertices, hyperedges)



        
          
        

    

  


  

      

          @spec new([vertex()], [hyperedge()]) :: t()


      


Creates a new hypergraph with the given vertices and hyperedges.

  



  
    
      
    
    
      remove_hyperedge(hypergraph, vertices)



        
          
        

    

  


  

      

          @spec remove_hyperedge(t(), hyperedge()) :: t()


      


Removes a hyperedge from the hypergraph.

  



  
    
      
    
    
      remove_vertex(hypergraph, vertex)



        
          
        

    

  


  

      

          @spec remove_vertex(t(), vertex()) :: t()


      


Removes a vertex from the hypergraph and all hyperedges containing it.

  



  
    
      
    
    
      stats(hypergraph)



        
          
        

    

  


  

      

          @spec stats(t()) :: map()


      


Returns statistics about the hypergraph.

  



  
    
      
    
    
      to_graph(hypergraph)



        
          
        

    

  


  

      

          @spec to_graph(t()) :: [{vertex(), vertex()}]


      


Converts the hypergraph to a regular graph by creating pairwise edges
for every pair of vertices that share a hyperedge.
Returns a list of 2-element tuples representing edges.

  



  
    
      
    
    
      vertex_count(hypergraph)



        
          
        

    

  


  

      

          @spec vertex_count(t()) :: non_neg_integer()


      


Returns the number of vertices in the hypergraph.

  



  
    
      
    
    
      vertices(hypergraph)



        
          
        

    

  


  

      

          @spec vertices(t()) :: MapSet.t(vertex())


      


Returns all vertices in the hypergraph.

  


        

      


  

    
Hypergraph.CorrelationLength 
    



      
Correlation Length calculator using Mutual Information.
The Correlation Length measures how far structural information propagates
in the hypergraph by calculating Mutual Information between distant regions.

      


      
        Summary


  
    Functions
  


    
      
        compute(hypergraph, max_distance \\ 10, region_size \\ 5, samples \\ 100)

      


        Calculates Correlation Length for a hypergraph using Mutual Information decay.
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      compute(hypergraph, max_distance \\ 10, region_size \\ 5, samples \\ 100)



        
          
        

    

  


  

      

          @spec compute(Hypergraph.t(), pos_integer(), pos_integer(), pos_integer()) ::
  {:ok, float()}
  | {:error,
     :insufficient_data
     | :insufficient_points
     | :insufficient_positive_data
     | :no_decay
     | :singular_matrix}


      


Calculates Correlation Length for a hypergraph using Mutual Information decay.
Parameters
	hypergraph: Hypergraph
	max_distance: Maximum distance to consider
	region_size: Size of regions to compare
	samples: Number of random region pairs to sample

Returns
	{:ok, correlation_length} | {:error, reason}



  


        

      


  

    
Hypergraph.NetworkGraph 
    



      
Utilities to render a Hypergraph as a network graph using VegaLite.
The visualization places vertices on a circular layout and draws lines
between vertices that share a hyperedge. Node size and color reflect
vertex degree (number of incident hyperedges).

      


      
        Summary


  
    Functions
  


    
      
        visualize(hg)

      


        Render the hypergraph as a VegaLite visualization.



    





      


      
        Functions

        


  
    
      
    
    
      visualize(hg)



        
          
        

    

  


  

      

          @spec visualize(Hypergraph.t()) :: VegaLite.t()


      


Render the hypergraph as a VegaLite visualization.
Returns a VegaLite specification representing the network graph.
Vertices are placed on a circular layout; edges are rendered as lines
and nodes as circles sized & colored by degree.
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